Environmental resources (e.g., air quality, water quantity) are needed to understand fundamental questions such as global change. Such resources are often collected from sensors, including humans acting as sensors. Tools have emerged to manage such data in the form of time series and, in particular, the Sensor Observation Service (SOS) which offers a framework based on predefined relational database schema. Environmental observatories can be built using such frameworks, allowing to address specific key scientific questions by collecting and sharing large-scale environmental data. However, the strict schema of SOS database makes it difficult to integrate some data that cannot be directly mapped to the schema. Guidelines and best practices are offered in the literature in order to reuse standards from the Semantic Web but they do not cover all needs. In particular, they do not help to reflect the fact that a single environmental database can lead to several SOS models. Since being aware of these multiple possibilities is crucial for a better use of the observatories, we argue that some extensions of the existing works are required. In this paper, we thus propose an extension of existing vocabularies to achieve this goal. Our contribution is illustrated on the real case of the Lebanese-French O-LiFE environmental observatory.
INTRODUCTION
Global challenges such as climate change or sustainability require a better understanding and management of environmental resources. Sensor data are now often considered, as prices have decreased and tools have emerged for the easy acquisition and management of large collections of stream data. Moreover, the development of mobile applications has led to the so-called "human as a sensor" paradigm where people can collect and share data. These data are related to many scientific fields, like ecology (e.g., number of birds in protected areas), hydrology (e.g., water quantity), sociology or economics (e.g., urbanization). Crossing these data is crucial for understanding the fundamental questions of global change.
Frameworks referred to as Spatial Data Infrastructures (SDI) have been proposed to effectively use the environmental datasets. In this framework, the Open Geospatial Consortium 1 (OGC) has specified a suite of standards that allows interoperable access either to data or metadata for managing geospatial data coming from different sources and stored in different formats using the HTTP protocol to communicate.
More generally, sensor data are often referred as being designed through the so-called Observations and Measurements, also known as O&M.
The Sensor Web Enablement (SWE) architecture [1] of the Open Geospatial Consortium (OGC) aims at integrating sensors and sensor data into Spatial Data Infrastructures. The SWE framework consists of a set of standards defining data formats for sensor data and metadata, as well as service interfaces to access sensor data, task sensors or send and receive alerts based on sensor measurements.
Within the Sensor Web framework, SOS is a web service to query real-time sensor data and sensor data time series based on relational databases. For instance, the 52
• North German initiative for Geospatial Open Source software proposes the use of a PostgreSQL database with a predefined schema for SOS to store sensor data.
Environmental observatories can be built using such frameworks, which allows to address specific key scientific questions by collecting and analyzing large-scale environmental data. OGC-based tools are often used in environmental observatories, making it possible to exchange and use data from such observatories.
It is the case of O-LiFE, a Lebanese-French observatory aiming at studying the critical zone around the Mediterranean basin, including the study of priority subjects such as: water resources, biodiversity, natural hazards and risk management, and ultimately, land use.
However, understanding complex phenomena requires to cross heterogeneous, complex and voluminous data which are sometimes difficult to model in a uniform SOS schema, especially for non computer scientists.
For this reason, we propose to rely on the available Web of Data to help the mapping of data to SOS models. Vocabularies and ontologies have been designed and shared and are of great help but they do not allow to reflect the multiple design possibilities.
We thus propose in this paper some extensions allowing such representations. Our contribution is illustrated with the example of O-LiFE, a Lebanese-French environmental observatory.
The remainder of the paper is organized as follows: Section 2 reviews the related work from the literature. Section 3 states the problem raised in this paper and introduces the running example we rely in the rest of the paper. Section 4 introduces our proposals for enhancing the mapping from environmental data to SOS models. Final conclusions and future possibilities are discussed in Section 5.
RELATED WORK AND CONTEXT

Environmental Data and Observatories
Many projects are currently focusing on the collection and management of environmental data. Datasets available to characterize environmental problems are intensively produced. During the last 30 years, the amount of geospatial data available has indeed grown dramatically following the evolution of the communication means and the rapid development of spatial data capture technologies such as Global Positioning System (GPS), remote sensing images, sensors, and the Internet of Things.
Environmental data belong to numerous categories. O&M has proposed a standard model for sensor data, as illustrated by Figure 1 .
Spatial data are managed in the so-called spatial data infrastructures (SDI) that provide the basic physical and organizational structures required to facilitate and coordinate the efficient and effective discovery and use of spatial data.
The main implementations of SDI rely on the Open Geospatial Consortium 4 (OGC) recommendations and architectures. OGC indeed provides consensus standards with the help of various contributors (companies, government agencies and universities). OGC standards are used in most environmental observatories, thus enabling exchanges and uses of data from such observatories.
Within this framework, the OGC Sensor Web Enablement (SWE) framework consists of a set of standards defining data formats for sensor data and its metadata, as well as service interfaces to access sensor data, task sensors or send and receive alerts based on sensor measurements [1] .These standards, for example, SensorML and O&M, provide syntactic interoperability that enables the integration of sensors and sensor data into Spatial Data Infrastructures (SDI) and thus makes it possible to use the data measured by sensors in a broad range of applications.
The Sensor Observation Service (SOS) is an OGC-SWE standard which defines a web service interface for providing access to observations from sensors and sensor systems in a standard way that is consistent for all sensor systems including remote, in-situ, fixed and mobile sensor ( 5 ) In the 52
• North database, every piece of data is described using the same features, some of them being mandatory. For instance, spatial information, feature of interest (e.g. snow, protected areas), procedure (sensors being used) and phenomena (e.g., air temperature) are some of the requested information. Figure 2 presents a simple view of SOS data modelization, taken from 1. Roughly speaking, in SOS, objects named features of interest whose location is known (should it be stationary like a building or mobile like a car or an animal) are studied over time by means of some phenomena (also known as Observed Properties) expressed by values given with particular units of measurement. 
Semantic Web and Environmental Data
As for health, environmental data has been intensively working on the standardization of the vocabularies so as to better exchange and analyze data. Many ontologies and taxonomies have been proposed to harmonize terms in controlled vocabularies that may be open and shared in the so-called Linked Open Vocabularies.
The Ecological Metadata Language (EML) [9] , Semantic Web for Earth and Environmental Terminology (SWEET), and NASA Global Change Master Directory (GCMD) are well-known standardized terminologies in the context of environmental data.
Regarding sensors, the SSN Ontology 6 has been developed by the W3C Semantic Sensor Networks Incubator Group (SSN-XG) and is presented in [2] . Figure 3 shows the main concepts from this ontology. It can be noted that no thematic (for instance on environmental data) concept is included.
In the European Union, the development and application of the INSPIRE 7 Directive for geographical data has led to more compatible and usable infrastructures. SOS implements the INSPIRE Directive with the D2.9 Guidelines for the use of Observations & Measurements and Sensor Web Enablement-related standards.
Works have been proposed to define sensor network ontologies by listing instruments and their characteristics. [3] reviews the main contributions on this topic.
Some other works have addressed the question of reusing ontologies and vocabularies for sensor data modeling and opening [8, 5, 12, 7, 11, 6] and even linking [10, 13, 14] . Sensor data can be described by means of RDF schema, as mentioned in [15] for transforming sensor data into the RDF conforming to SSN ontology with an XML-based mapping language used to annotate sensors and source to create a mapping file. However, no detail on the matter will be provided in this paper.
Regarding the representation of alternative information, many works have addressed the topic and some propositions are even effective. For instance, the SKOS model allows to have a preferred label (skos:prefLabel), alternative label (skos:altLabel) and hidden label.
As can be seen from this literature review, many works have addressed the question of mixing Semantic Web and SOS-based observatories. However, these works are limited to SOS-compliant data and do not help to model data from our running example that may be considered as not easily SOS-mappable.
For this reason, this paper introduces a new method helping SOS users to model the different mappings of their data to SOS models by extending existing properties.
O-LiFE
8 is an observatory shared between France and Lebanon and built with the following objectives:
• Simultaneously conduct: Observation, Research, Training and Valorization ;
• Federate skills through common tools and objects;
• Organize, share, sustain and enhance environmental data.
The observatory main activity is to study the critical zone around the Mediterranean Sea. As such, it addresses major environmental subjects such as water resources, biodiversity, natural hazards, environment management and ultimately land uses.
As described in [4] , the O-LiFE observatory is implemented by relying on the 52
• North German initiative for Geospatial Open Source software, Sensor Observation Service (SOS) and Observations and Measurements (O&M) 9 . The SOS is a web service to query real-time sensor data and sensor data time series and is part of the Sensor Web framework. A 52
• North PostgreSQL database with a predefined schema by 52
• North implementation of the SOS is used to store the sensors data. The PostGIS spatial extension is included in the PostgreSQL database. Apache Tomcat is used as Servlet container.
The database server contains environmental data from different data providers for different subjects and structures. Sensors data are hosted on the same server.
Then, the crossing of various phenomena makes it then possible to discover some correlations. However, some data are not that easy to map with this schema and it may sometimes be difficult for the SOS users to integrate data within the framework.
PROBLEM STATEMENT
Multiple Mappings
As presented above, sensor data are mainly represented by the following core information: feature of interest, date, location, phenomena (also known as observed properties), sensors, measured values and units of measurements.
Whenever data are received in an SOS-based environmental observatory such as O-LiFE, the data must be transformed into this model. These data are however raw data, often stored within Excel sheets or text files, that may combine several observations and information of different nature at different levels of granularity, etc.
It can especially depict several points of view and scientific environmental issues. Moreover, the scientific topic considered at the time of observation of the data (for instance the Figure 3 : The SSN Ontology study of the diet of some specific birds) may change when the data is crossed with other ones to address another scientific issue (for instance the evolution of pollution in some geographic areas and its impact on the fauna). In the first case, the birds are followed up over time. In the second case, some geographic areas are followed up and studied over time.
This can be seen as a multimensional nature of the data that contain some measures analyzed with respect to several dimensions potentially described at several levels of granularity.
Transforming such data into the SOS model is thus often tedious and tricky as there is no unique manner to do it. For instance, the attribute that will be mapped to the "Feature of Interest" may be difficult to choose as it depends on the scientific goal both at the time of the observation and at the time of consuming the data.
Choosing one possibility is difficult and must be made carefully as it impacts the following analyses. It is thus important for all the stakeholders, especially for the data producer and the person in charge of the mapping design, to be and stay aware of all the possibilities and all the links between the possibilities.
Running Example
In this paper, we consider an example of data produced by O-LiFE users collecting fauna data in the field. These data contain information on species observed by some researchers at some places over time. Figure 12 shows some sample data from this example. When considering the possible mapping from these data, it can be either argued that the species are followed up over time and space, meaning that the feature of interest is the species or that the geographic area is followed up over time, meaning that the feature of interest is the village.
This choice is depicted by Figures 4 and 5 for column mappings and Figures 6 and 7 as the UML models.
Moreover, the sensor may be chosen as being either the 
REPRESENTING MULTIPLE MAPPINGS OF SENSOR DATA
SOS data run with the 52
• North framework are stored in a relational database provided with a predefined schema shown by Figure 13 which is compliant with the O&M specifications.
However, it does not allow the provision of alternative models. We therefore propose to extend the ontology in order to provide such features.
Extending and Refining the Ontology
We propose to refine some parts of the SSN ontology in order to be able to represent multiple mappings and to point out the existence of multimapping to the users.
We regroup our proposals under a new vocabulary and propose to use the mssn prefix, standing for multimapping SSN.
In particular, we propose the addition of a new class representing alternative observation design, with the label mssn : AltObservationDesign, as a subclass of the ssn : Observation.
Every mapping will then be described under one alternative observation.
In order to highlight the existence of alternative mappings, we also propose to refine the following SSN properties: featureOfInterest, observedProperty and observedBy. The case of the feature of interest is described in Figure 8 . Table 1 details the extensions we propose (introducing the mssn prefix): • the alternative observation class allows a given observation from the real dataset to be designed in different manners, meaning multiple mappings are available;
• the alternative feature of interest property makes it possible to highlight the fact that the observation being considered can be designed in various manners in order to define the feature of interest;
• the alternative observed property makes it possible to highlight the fact that the observation being considered can be designed in various manners in order to define the observed property;
• the alternative observed by property makes it possible to highlight the fact that the observation being considered can be designed in various manners in order to define the sensor.
It should be noted that we do not propose to refine the ssn : F eatureOf Interest class and the other ones as we consider that the fact that the properties are refined is sufficient to keep the users aware of the existence of alternative mappings.
Application to O-LiFE
In the case of O-LiFE, the SSN mappings are given by Figures 9 and 10 and the multimapping is described in Figure 11 .
We consider that URIs have been provided for the data, as proposed by the SOS framework, and that the prefix for this dataset is @pref ix f auna : < olif esite/data/f auna/ >. We thus have RDF triplets such as: fauna:species mssn:altFeatureOfInterest ssn:FeatureOfInterest The efficient management and crossing of environmental data is crucial for us to understand and face global issues. Many databases and observatories are being built on various topics at various places without standard frameworks such as the SSN ontology, thus using various underlying technologies. The SOS framework implemented in 52
CONCLUSION
• North is one of the most used.
However, the integration of comprehensive databases in these frameworks require the capacity to map all the databases into a unique SOS-based schema, which can sometimes be difficult for the users.
Consequently, we thus proposed in this paper to extend the SSN ontology in order to make it possible to represent multiple mappings of the same data into several designs. We introduced the needed concepts and illustrated our contribution on a real case from the O-LiFE Lebanese-French environmental observatory.
This first attempt opens up many perspectives. In particular, we aim at proposing a comprehensive framework to researchers containing both the extensions and refinements of this paper and a methodology to efficiently design multiple mappings. We also aim at testing our proposition over various databases. Finally, extensions may be proposed in order to design the interfaces and outputs offered to data consumers with a view to point out or, on the contrary to hide which points of view are proposed over the data and to ease data visualization and data analysis.
